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GIGANTISM IN NICOTIANA TABACUM AND ITS 
ALTERNATIVE INHERITANCE 

H. A. ALLARD 

Tobacco Investigations, Bureau op Plant Industry, 
Washington, D. C. 

Introduction 

Within recent years observers working* with different 
varieties of Nicoticma tabacum grown commercially in 
the United States and elsewhere have recorded the sud- 
den appearance of occasional giant plants of abnormally 
high leaf number. Except in height and number of 
leaves, which may be increased several times above the 
usual number, these giant plants in general appearance 
do not depart widely from the varietal type from which 
they took their origin. The great increase in number of 
leaves, together with a greatly elongated main stem, is 
accompanied by a period of vegetative vigor of such long 
duration that blossoming does not normally take place 
when the plants are growing in the field. In order to ob- 
tain seed from such plants, the usual practise has been 
to transplant the roots and stub, or even the plants en- 
tire, to the greenhouse in the fall, where vegetative vigor 
is resumed with the final production of normal blossoms 
and seed during the winter. Plants of this habit of 
growth have been recorded in the Sumatra, Maryland. 
Cuban and Connecticut Havana types of tobacco. 

Occurrence of Gigantism in Different Varieties 

The first published record of gigantism in tobacco ap- 
pears to have been made in 1905 by Hunger (1905), work- 
ing with tobacco in Sumatra in connection with an inves- 
tigation of the mosaic disease. 

Garner (1912) mentioned a Maryland Mammoth type, 
the origin of which was associated with a cross between 
two common varieties of Maryland tobacco. 

Hayes and Beinhart (1914) reported the occurrence of 
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giant plants in the Cuban shade tobacco and the Connec- 
ticut Havana type in Connecticut. 

In addition to Hunger's observation previously men- 
tioned, Honing (1914) brought out other interesting facts 
concerning the occurrence and behavior of giant plants in 
Sumatra (Deli) and Java. 

Hayes (1915) further discussed the occurrence of giant 
plants in the Cuban and Connecticut Havana types of 
tobacco grown in New England. 

Hunger, in the paper referred to, states that the largest 
giant plant observed by him developed 123 leaves and 
reached a height of nearly five meters. These plants were 
entirely sterile, or, if blooming took place, the number of 
blossoms was greatly reduced. Honing states that the 
behavior of these giant Sumatra plants with respect to 
the transmission of their peculiarities is variable. In one 
instance he observed that a line of these plants finally 
disappeared entirely. With respect to number of leaves, 
Honing 's studies of the Deli tobacco indicates that sev- 
eral more or less distinct types exist. Even though line 
selections of these have been. grown under bag for several 
generations, plants possessing high leaf number have oc- 
casionally appeared. Mammoth plants have also ap- 
peared in the Sumatra variety grown in the United States 
from seed obtained from Sumatra. In 1912 two plants 
of this type appeared in a plot of about 100 plants grown 
at Arlington, Va. These plants appeared in the second 
year's planting from seed obtained from Sumatra. One 
of these, when removed to the greenhouse, had reached a 
height of eleven feet and had produced about 100 leaves, 
with no indication of blooming. It was not possible to 
determine to what extent these plants transmitted their 
characteristics to their progeny since both died after 
being cut back and removed to the greenhouse. 

In 1906 and 1907 giant or mammoth plants were ob- 
tained in Maryland tobacco, as mentioned above. 1 The 

1 A discussion of the commercial value of these types of Maryland tobacco 
will be found in Bulletin 188, of the Maryland Agricultural Experiment Sta- 
tion, entitled, "Types and Varieties of Maryland Tobacco," by W. W. 
Garner and D. E. Brown, 1914, pp. 135-152. 
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type known as the Broadleaf Mammoth was first observed 
in 1906 in a selection line of Maryland Broadleaf begun 
in 1904. Of 100 plants grown in 1906, five were typical 
mammoth plants producing many leaves and showing no 
tendency to bloom at the end of the season. Subsequent 
generations of these plants were grown successively in 
1907, 1908 and 1909, and all reproduced the characteristic 
habits of growth of the original parent isolated in 1906. 
This mammoth type, as the name indicates, differed ma- 
terially in shape of leaf from the better known Narrow- 
leaf Mammoth. 

The so-called Narrowleaf Mammoth appeared in 1907 
in second generation plants of a cross made in 1905 be- 
tween a Broadleaf type and a Narrowleaf type of Mary- 
land tobacco. From a single mammoth plant found in 
1907, 157 plants were grown in 1908, all of which were 
mammoth plants. Two of these plants which were al- 
lowed to grow until frost without topping had produced 
109 and 111 leaves, respectively, with no indication of 
blooming. The Narrowleaf Mammoth has been propa- 
gated from seed and grown on a commercial scale in 
Maryland up to the present time, and under normal field 
conditions still retains its characteristics of high leaf num- 
ber and the non-blooming habit. 

A third mammoth type appeared in 1907 in second gen- 
eration plants of a cross made in 1905 between Maryland 
Broadleaf and the "White Burley variety of Kentucky. In 
a crop of 30,000 to 40,000 plants but one mammoth plant 
was found. Unfortunately, this plant was harvested in- 
advertently by laborers and lost. 

From the previous discussion it is evident that gigant- 
ism has occurred rather widely in the varieties of Nico- 
tiana tabacum. It would appear from Honing 's work 
that Mammoth Sumatra plants are not constant in their 
inheritance and that intermediate forms exist. The ac- 
cumulated experience of various observers working with 
all Mammoth types which have appeared in the United 
States, however, has shown a constant inheritance of 
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Mammoth characteristics from generation to generation. 
Intermediate forms have not been observed. 

Behavior op Gigantism in Ceosses 

Since Mammoth forms are now grown commercially in 
the United States and promise to become valuable new 
varieties, it has been considered desirable to determine 
the possibility of combining the Mammoth character of 
indeterminate growth or gigantism with other characters 
of commercial value by crossing Mammoth types with 
ordinary varieties. 

The Maryland Narrowleaf Mammoth has been crossed 
with a number of pure lines of the more distinct varieties 
of Nicoticma tdbacum, including White Burley, Yellow 
Pry or, Little Oronoco, Connecticut Broadleaf, and the 
very distinct variety known as N. Ghinensis (S. P. I., No. 
42,355). In all these crosses the Mammoth characteristic 
behaves as a unit character and is recessive to normal 
size and normal blossoming habit of the ordinary 
varieties. 

A Maryland Mammoth and a Burley Mammoth, secured 
as the result of the cross Maryland Mammoth ? X White 
Burley cf, have also been crossed with the distinct species, 
N. sylvestris and N. glutinosa. In these crosses the Fj 
plants invariably have blossomed normally as where 
crosses were made with varieties of N. tabacum. 

Under normal field conditions, first generation plants 
of all Mammoth crosses have blossomed in practically 
the same period required by the ordinary varieties of 
N. tabacum. The plants, however, are usually somewhat 
taller and, on an average, produce a somewhat higher leaf 
number than the ordinary varieties, showing that the F L 
plants are more or less intermediate between the normal 
and the Mammoth parents. This relation of leaf number 
is shown in Table I. 

In crosses between Little Dutch and Maryland Mam- 
moth, the Fj plants were also somewhat larger and pro- 
duced more leaves than the Little Dutch parent. F L 
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TABLE I 

Comparison of Number of Leaves op F t Plants or Crosses between 
Maryland Mammoth and Normal Varieties 





Leaf Number Classes 


Variety 


23 


25 


27 j 29 ] 31 


33 


35 


37 

2 
11 
10 


39 

2 
4 
5 


41 




2 
1 
1 


7 
1 
4 


1 
1 

2 


1 l 1 

3 j 3 

! 1 

1 
i 


6 
3 
1 


7 
2 
6 




Md. Mammoth $? X Yellow Pryor <? . • . 




Md. Mammoth $> X Little Oro. d> 


1 


Md. Mammoth 5 X White Burley c? . ■ . 


1 



plants of the cross Maryland Mammoth 2 X N. Chinen- 
sis <$ (S. P. I., 42,355) were grown in 1918, and records 
of dates of blooming were made for comparison with the 
dates of blooming of the parent N. Chinensis, which is an 
unusually small and early maturing variety of N. tabacum. 
From the following table it is evident that the parent N. 
Chinensis blossomed somewhat earlier than the F^ plants 
of the cross with Marvland Mammoth : 



TABLE II 

Number of Days Elapsing prom Transplanting to Date op First Bloom 

of Fj Plants of Cross Maryland Mammoth 2 X N. Chinensis 3 

and Plants of the Parent Variety of N. Chinensis 





Classes 


Variety 


45 | 47 


49 ! 51 


53 


55 


57 

6 
14 


59 i 61 

| 2 
2 j 1 


63 




S 


5 


11 


2 
1 


10 
14 


1 
1 


5 


Md. Mammoth 9 X N. Chinensis cf • • • • 


11 



In the cross Maryland Mammoth X White Burley, 
Mammoth Burley types have consistently appeared in the 
F 2 progenies, and have since remained true to Mammoth 
character. These have been crossed with a number of 
different types and varieties' of N. tabacum. During the 
summer of 1918 considerable data were secured at Arling- 
ton, Va., showing the segregation of plants of Mammoth 
character in the F., of many crosses. 

Let us first consider the behavior of different Mammoth 
types when intercrossed. In these lines the Maryland 
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Mammoth (narrowleaf type 1 ) has been crossed with Stew- 
art Cuban (a giant type previously mentioned as origina- 
ting in Connecticut in Cuban shade-grown tobacco), and 
also with a Mammoth Burley type, which was secured in 
the F 2 generation of the cross Maryland Mammoth X 
White Burley. In the cross Maryland Mammoth X Stew- 
art Cuban, many plants of the F x generation were grown, 
all of which were of Mammoth habit of growth. Selec- 
tions of these F x plants were grown and bred true to the 
Mammoth habit. 

In the cross Maryland Mammoth $ X Burley Mam- 
moth S many F x plants were grown at Arlington, Va., in 
1918. Of a total of 558 individuals, all were of Mammoth 
habit and of this number twenty-one were yellowish 
green like the normal White Burley variety, and 237 were 
full green in color like the Maryland Mammoth parent. 

In a study of the reappearance of Mammoth types in 
the F 2 generation of crosses involving Mammoth and nor- 
mal forms, several different combinations have been 
made. In one group both parents were of Burley type. 
In the second group one of the parents was normal green 
and the other of Burley type. In the third group both 
parents were green. 

In the first group, involving Burley color in both pa- 
rents, one of the parents was the Burley Mammoth se- 
cured in the F 2 generation of the cross Maryland Mam- 
moth X White Burley. From the cross Mammoth 
Burley ? X ordinary White Burley J 1 , 638 F 2 plants were 
grown, of which 158 were Mammoth. This is a very close 
approximation! to the theoretical Mendelian ratio 638/4 = 
159.2, which should obtain in a cross involving two sim- 
ple contrasted Mendelian characters. 

From the cross White Burley type of 30A, 2 ? X Burley 
Mammoth <$, 348 F 2 plants were obtained, of which eighty 
were of Mammoth habit of growth. This figure closely 
approximates the theoretical Mendelian ratio 348/4 = 87. 

= The type designated as White Burley type of 30A is a tall, vigorous 
Burley type originally obtained from the cross Connecticut Broadleaf X 
White Burley. 
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Of the total number of Mammoth plants, i. e., 986, appear- 
ing* in the F 2 of these crosses, only two were Green Mam- 
moth, the rest being typically of Burley character. 
Whether these two exceptions represent mixtures or re- 
versions can not be stated. 

In the second group, one of the parents involved in the 
original cross was Green, the other being of Burley 
character. 

From the cross Connecticut Broadleaf 2 X Burley 
Mammoth c?, 305 F 2 plants were grown, of which sixty- 
nine were of Mammoth habit. This approximates the 
theoretical ratio 305/4 = 76.2. From the cross Maryland 
Mammoth $ X White Burley type of 30A J", 152 F 2 plants 
were grown, of which forty were of Mammoth habit. This 
figure is very close to the theoretical ratio 152/4 = 38. 
Of the total number of Mammoth plants, i. e., 457, which 
appeared in the two crosses Connecticut Broadleaf $ X 
Burley Mammoth S and Maryland Mammoth ? X White 
Burley type 30A $, only two were of Burley color, the rest 
being green. 

We will now consider the third group, which involves 
normal green color in both parents. 

From the cross Connecticut Broadleaf $ X Maryland 
Mammoth c?, 175 F 2 plants were grown, of which thirty- 
nine were of Mammoth habit. 

From the cross Maryland Mammoth $ X Yellow 
Pryor J 1 , eighty-three F 2 plants were grown, of which 
twenty-five were Mammoth. 

From the cross Little Dutch $ X Maryland Mammoth J 1 , 
119 F 2 plants were grown, of which twenty-eight were 
Mammoth. A total of 377 plants were grown in these 
crosses, of which ninety-two were Mammoth plants. This 
is a very close approximation to the expected ratio 
377/4 = 94.2. 

Considering all the crosses in the three groups involv- 
ing the Mammoth character in one of the parents a total 
of 1,820 F 2 plants were grown, of which 439 were of 
Mammoth character. This is a fair approximation to the 
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expected ratio 1820/4=455, if the Mammoth habit be- 
haved as a simple Meiiclelia.il character in contrast with 
the normal blossoming habit. 

From these data it would appear that the Mammoth 
character is recessive in its inheritance and reappears in 
the F 2 generation in numbers approximating closely the 
expected ratio for a simple Mendelian recessive. 

The Origin and Behavior of a New Mammoth Type of 
Tobacco in a Line Descending pbom a Species Hybrid 

In an earlier paragraph it has been mentioned that the 
Maryland Narrowleaf Mammoth and a Burley Mammoth 
appeared in the F 2 generation of certain crosses. In the 
writer's experience a giant type appeared in third gen- 
eration plants descending from a species cross. 

In 1914 the blossoms of a first generation plant of the 
cross Connecticut Broadleaf (pink) $ X Giant Bed flow- 
ering (carmine) $ were pollinated with the pollen of 
Nicotkma sylvestris (white). 3 Although first generation 
plants of crosses between the species N. tabacum and N. 
sylvestris are likely to be sterile, or nearly so, consider- 
able fertile seed were obtained from F x generation of this 
particular cross. In the second generation there was a 
noticeable segregation into plants with pink, white and 
carmine blossoms. The size and shape of the blossoms 
of the plants of the F 2 generation were also very variable 
and various abnormalities were noted. Some plants were 
completely self-sterile and others produced blossoms with 
supernumerary petals. A number of plants producing the 
largest and finest carmine-colored blossoms were selected 
for further inheritance studies. The progenies of two of 
these mother plants, nos. 9 and 12, were grown in the field 
at Arlington, Va., during the season of 1916. 

The mother plant, no. 9, proved to be heterozygous, 
breaking up into carmines and pinks, approximating the 
theoretical ratio of three carmines to one pink. All the 
plants of this line were normal in size and habit of growth. 

s The so-called Giant Bed flowering tobacco sold by seedsmen for orna- 
mental purposes, is only a variety of N. tabacum with, deep carmine blossoms. 
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The sister plant, no. 12, which proved to be homozygous 
for carmine, behaved differently, giving rise to a progeny 
of plants which were very variable in height. 4 A number 
of these plants appeared to possess the Mammoth habit 
of indeterminate growth and gave no evidence of blossom- 
ing. On October 26, 1916, the heights of the plants, all 
of which had blossomed except those of Mammoth habit 
of growth, were as follows : 

TABLE III. 

Heights of the Plants in the Progeny of Sister Plant No. 12 

Height classes 
3 to S It. 5 to 7 ft. 7 to 9 It. 

Number in class. .. . 12 (blossomed) 16 (blossomed) 3 (Mammoth) 

The shortest plants in this progeny were first to blos- 
som and produced an average of only 20 to 25 leaves, in- 
cluding the first bald sucker. Other plants of intermedi- 
ate heights blossomed considerably later and produced an 
average of 35 to 40 leaves, including the first bald sucker. 
Those plants of Mammoth habit of growth which showed 
no indications of blossoming had produced considerably 
more than 40 leaves. 

Two of these Mammoth plants, nos. 12 (a) and 12 (b), 
each seven feet in height, were transplanted in the green- 
house October 21 without cutting them back. Both plants 
blossomed December 8, producing carmine blossoms. 
Plant no. 12 (a) had produced 70 to 75 leaves, not includ- 
ing many bract-like leaves below the fiowerheacl. Plant 
no. 12 (b) produced 60 to 65 leaves, including all small 
ones below the flowerhead. 

In addition to these two Mammoth plants the seed of 
several of the taller sister plants, nos. 12 (c) and 12 (d), 
in class 2, which had 1 blossomed late, producing 35 to 40 
leaves, were saved separately. The progenies of all were 
grown in the field at Arlington Farm, Va,, in 1917. A 

<i The leaves of the mother plant no. 12 were characterized by coarse, 
thick, broad and rounded blades abruptly contracted at tie base to a long, 
almost naked or slightly winged petiole. This striking type of leaf has re- 
mained constant in the progeny of no. 12, and also in the progenies of no. 
12 (a), 12 (b), 12 (e) and 12 (d), descending from this mother plant. 
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total of 60 plants was grown from the Mammoth mother 
plant, no. 12 (a), all of which were of Mammoth type, with 
an average height of seven to seven and a half feet. On 
September 11 a few of the tallest plants were eight feet 
in height. On this date an average of 50 to 55 leaves had 
been produced and none showed any evidence of blossom- 
ing. A progeny of 60 plants (see row 38A, 1917) was 
also grown from the Mammoth mother plant, no. 12 (b). 
On September 11 these plants averaged six and a half to 
seven feet in height and resembled the progeny of no. 12 
(a) in all respects except that they were not quite as tall. 
From the mother plant, no. 12 (e), which was one of 
the late blossoming plants, producing an average of 35 
to 40 leaves, 49 plants were grown. On September 13 
the heights of 48 of these plants and their blossoming 
habits were noted as follows : 

TABLE IV 

Heights of 48 Plants in the Progeny op Mother Plant No. 12 (e) Se- 
lected from Class 2, of Table III 

Height of classes 
5 to 7 ft. 7 to 9 ft. 1 to 11 ft 

Normal Mamm. Normal Mamm. Normal Mamm. 

Number in class ..22 20 12 12 

The height of one plant which blossomed was not obtained and is not in- 
cluded in the table. 

In this progeny of 49 plants it is evident that 14 plants 
possessed Mammoth characteristics of continuous growth 
and showed no. evidence of blossoming, while 35 plants, 
some of which were of giant stature, blossomed. ' From 
the late blossoming mother plant, no. 12 (d), a progeny 
of 48 plants was grown. The heights of 42 of these plants 
were also measured on September 13 and their blossoming 
habits noted as follows : 

TABLE V 

Frequency Distribution of Heights of 42 Plants in Progeny of Mother 

Plant No. 12 (d) Selected froji Class 2 of Table III 

Height of class 
3 to 5 ft. S to 7 ft. 7 to 9 ft 9 to 11 ft. 

Normal Mamm. Normal Mamm. Normal Mamm Normal Mamm. 

Number in class 1 17 19 4 1 

Six other plants were grown in this progeny which are not included in the 
table since their heights were not obtained. All blossomed, however. 
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In addition to these individual progenies of the sister 
plants, nos. 12 (a), (b), (c) and (d), selected from the 
progeny of the mother plant, no. 12, in 1916, a mixed lot 
of seed was harvested from several other sister plants 
which had blossomed. Fifty-six plants were grown from 
this mixed lot of seed, all averaging six to six and a half 
feet in height, and all blossoming. In this lot of plants 
there were no indications of Mammoth types and so far 
as could be determined with the eye, no intermediate 
forms were present. 

From the inheritance behavior of the sister plants, nos. 
12 (a), (b), (c) and (d), it is evident that pnre Mammoth 
types, breeding true, and intermediate inconstant types 
appeared simultaneously in the progeny of the original 
mother plant, no. 12. These intermediate plants behaved 
as hybrid forms, in that they gave rise in their progeny 
to a certain percentage of typical Mammoth, non-blossom- 
ing types. Since the progenies of the two sister plants, 
nos. 12 (c) and (d), were handled under similar condi- 
tions from the time the seed were sown, it is evident that 
the mother plant, no. 12 (c), yielding 14 Mammoth plants 
in a total of 49 plants, was considerably more prolific in 
Mammoth individuals than the sister plant, no. 12 (d), 
which yielded only two Mammoth individuals in a total of 
48 plants. 

It is of interest to note that Lod'ewijks (1911) in work- 
ing with tobacco in Java, has observed the occurrence of 
Mammoth types which breed true and also intermediate 
or inconstant races which break up into Mammoth or 
Griant forms approximating the theoretical Mendelian 
ratio of 25 per cent. 

Lodewijks regards these inconstant races as hybrid 
mutations and states the results of his investigations as 
follows, a translation of which will also be given : 

Translation - 

I. Occasionally giant plants which breed true to type occur iii Vor- 
stenland tobacco. 

II. Evidently g'iant intermediate races also occur. 
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III. In my experiments I obtained either an atavist of an inconstant 
intermediate race or a hybrid-giant. 

IV. As none of the giant plants in my experiments have reached 
the flowering stage, it is not certain which of the two mentioned possi- 
bilities is the chief. It would seem to be the latter, however, as seed 
of the few-leaved mother plant of the second generation produced ex- 
clusively plants while seed of the many-leaved plant produced nearly 
25% giant and many-leaved and few-leaved plants. 

V. It is probable, therefore, that a second instance is present of a 
imitation arising as a hybrid. 

Honing (1914), in his studies of the aberrant types 
occurring in Sumatra and Java tobacco, states that in 
some instances; 100 per cent, of the progeny of normal 
plants were of the Mammoth type. According to Honing 
even the Mammoth plants were not always constant in 
their inheritance, and intermediate races were also 
present. 

From Lodewijk's observations in Java, and the writer's 
observations at Arlington Farm, Va,, it is evident that 
intermediate races, as well as Mammoth types which 
breed true, may appear in a progeny. Concerning the 
actual mode of origin of these intermediate and Mam- 
moth races nothing definite is known. Hayes and Bein- 
hart (1914), speaking of the origin of a Mammoth Cuban 
type in Connecticut in 1912, say: 

This mutation must have taken place after fertilization, i. e., after 
the union of the male and female reproductive cells. If the mutation 
had taken place in either the male or female cell before fertilization, 
the mutant would have been a first generation hybrid, and would have 
given a variable progeny the following season. 

They assume that if one gamete alone were affected, a 
progeny of hybrid character would have resulted, but if 
we assume that one gamete can become so affected, it is 
quite as reasonable to assume that both may sometime 
be changed in the same manner. If such were the case, 
Mammoth plants breeding true to this indeterminate 
habit of growth would be expected. 

If, as Lodewrjk finds, intermediate races behave as true 
Mendelian hybrids, producing the theoretical ratio of 25 
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per cent, true Mammoth plants which breed true, there 
is strong reason to believe that the change responsible 
for Mammoth habit of growth has affected one gamete 
only. If this gamete unites with a normal gamete, then 
the simple Mendelian ratio would follow, just as in the 
case of an artificial cross between gametes produced by 
a Mammoth plant and those of a normal plant. In the 
one case a portion or all the gametes bearing the Mam- 
moth character are produced by a normal plant. In the 
other case, Mammoth plants themselves produce gametes 
with potential Mammoth characters. In the experience 
of Honing, normal plants have even produced progenies 
containing 100 per cent, mammoth plants. This behavior 
would indicate that all the gametes produced by a mother 
plant may sometimes become modified to express 1 the 
Mammoth habit of growth. Although Honing has ob- 
served the complete disappearance of a line of Mammoth 
plants which gave rise to progenies of blossoming plants, 
this behavior has not been definitely observed in this 
country except as a response to obscure environmental 
conditions. It is possible that the behavior of Honing's 
inconstant Mammoths is of this nature rather than an 
internal gametic change, permanently affecting the hered- 
ity of the Mammoth feature. Until this question is more 
definitely settled, Honing's inconstant Mammoth can not 
be disposed of. 

Since inconstant, intermediate plants behaving as Men- 
delian hybrids with respect to Mammoth character, and 
sister plants of pure type are known to arise suddenly in 
the same progeny, there is reason to believe that the 
change responsible for Mammoth behavior may affect one 
or both gametes, as the case may be. This inconstant be- 
havior of these mutant hybrids is particularly significant 
since it appears in every way similar to the actual be- 
havior of a controlled cross between a Mammoth and a 
normal plant. Of course, if it is possible for one or more 
gametes produced by a normal plant to become so modi- 
fied as to originate a hybrid-mutant or a pure line mutant, 
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then it is quite as probable that all the gametes in a single 
blossom, or the gametes produced by all the blossoms 1 of 
a normal plant, may become so modified. Honing 's ob- 
servations at least would indicate that this does occur. 

In those instances where an occasional Mammoth ap- 
pears in the progeny of a normal plant, it is usually as- 
sumed that the change responsible for the Mammoth char- 
acter was associated in some way directly with the ga- 
metes themselves. In those instances where many or even 
all the plants in the progeny of a normal plant produce 
Mammoths, the question becomes more involved and dif- 
ficult of interpretation. It is very difficult to see how all 
the gametes of a normal plant can become simultaneously 
modified to produce by their union Mammoth plants, un- 
less we assume that the change takes place at some stage 
preceding the development of the gametes. Should the 
change take place in a mother cell of the anther preceding 
tetrad formation, i. e., by the addition or subtraction of 
some factor in the chromosome material, it is reasonable 
to suppose that the four pollen grains resulting from the 
division of this mother cell may be similarly affected, and 
bear the Mammoth character. It is possible, however, 
that the change may take place very much earlier, so that 
a part or even all the sporogenous cells will be affected. 
If this condition occurred, it is easy to see how great num- 
bers or even all the pollen grains arising from their di- 
vision would bear the Mammoth character. Since the 
development of the megasporangium is in every way par- 
allel to the development of the microsporangium or an- 
ther, similar changes would affect one or more egg-cells, 
depending upon whether the change responsible for Mam- 
moth character took place immediately in the egg-cell it- 
self, in the mother cells, or very much earlier, so that all 
the sporogenous cells, and hence all the egg-cells arising 
from them, are affected. Such changes affecting great 
numbers or all the gametes in a single flower, or even 
in the entire flower head itself, would produce the phe- 
nomenon of a more or less complete acquirement of Mam- 
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moth character in the progeny of a normal plant. It may 
be stated here that East (1917) has offered the same sug- 
gestion concerning the origin of variations in cell-divi- 
sions preceding the formation of the gametes themselves. 

The Production op New Mammoth Forms by 
Hybridization 

Two Mammoth types of tobacco are now grown com- 
mercially in the United States, the Maryland Narrowleaf 
Mammoth in Maryland, and to a lesser extent the Stew- 
art Cuban in the Connecticut Valley. Promising Mam- 
moth types have also originated in Havana Seed tobacco 
in Connecticut. Beinhart (1918, however, in a brief dis- 
cussion of the occurrence of Mammoth types in the Con- 
necticut Valley, states that practical methods of seed pro- 
duction and special cultural methods must be worked out 
before the Stewart Cuban Mammoth and the Havana Seed 
Mammoth can be successfully grown on a commercial 
scale. Although these Mammoths originated spontane- 
ously from commercial types, there is every reason to 
believe that valuable new types can be secured by cross- 
ing with the ordinary commercial types of tobacco. 
Since in crosses with ordinary varieties gigantism is re- 
cessive in its inheritance, the problem of producing new 
giant types by hybridization and recombination has not 
been difficult. Several Mammoth types have already 
been secured in crosses with Connecticut Broadleaf , Little 
Dutch and White Burley. If by this means it is possible 
to combine the habit of gigantism, which insures greatly 
increased yields, with the desirable quality characteris- 
tics of ordinary varieties, very valuable commercial types 
can be obtained. 

Summary 

1. Gigantism has occurred in several different commer- 
cial varieties of tobacco, including Maryland types, Cu- 
ban, Connecticut Havana and Sumatra. It has also been 
associated with certain varietal crosses and species 
crosses. 



No. 626] GIGANTISM IN NICOTIAN A TABACVM 233 

2. Not only giant or mammoth types which breed true, 
but intermediate or hybrid types occur spontaneously 
which subsequently give rise to a greater or less propor- 
tion of mammoth forms. 

3. In crosses with normal varieties the mammoth char- 
acter is recessive, and F x plants invariably blossom. The 
Fj plants average a somewhat higher leaf number than 
the normal parent which entered into the cross. 

4. In the F 2 generation mammoth plants occur in pro- 
portions approaching the theoretical ratio of 25 per cent, 
obtaining in a single Mendelian cross involving two con- 
trasted unit characters. 
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